WORLD INTELLECTUAL PROPERTY 0RGANI2ATI01 
International Bureau 



m 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 
C08F 18/04, 20/06 



Al 



(11) International Publication Number: WO 95/27742 

(43) International Publication Date: 1 9 October 1 995 ( 1 9. 1 0.95) 



(21) International Application Number; PCT/US95/04390 

(22) International Filing Date: 10 April 1 995 (10.04.95) 



(30) Priority Data: 
08/224,418 



8 April 1994 (08.04.94) 



US 



(71) Applicant: EX DU PONT DE NEMOURS AND COMPANY 

[US/US]; 1007 Market Street, Wilmington, DE 19898 (US). 

(72) Inventors: GRADY, Michael, C; 147 Heather Road, Haddon 

Township, NJ 08107 (US). GREGOROVICH, Basil, V.; 
1002 Woodstrearn Drive, Wilmington, DE 19810-1900 
(US). 

* 

(74) Agents: CORLE, James, T. et al.; E.I. du Pont de Nemours 
and Company, Legal/Patent Records Center, 1007 Market 
Street, Wilmington, DE 19898 (US). 



(81) Designated States: BR, CA, JP, KR, MX, European patent 
(AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU, MC, 
NL, PT, SE). 



Published 

With international search report. 
With amended claims and statement. 



(54) Tide: CLEAR COAT RESINS BY CONTINUOUS POLYMERIZATION 
(57) Abstract 

A process for preparing acrylic polymers having good crater resistance by continuous polymerization in vessels having agitating 
means tip speed from 500 to 1200 rpm. Placement of the feed valve for charging the monomer and/or the initiator is located beneath the 
surface of the agitating mass. 



•1 
J 



Piinind from Mimosa 09/28/1999 10:22:44 SeM -J. 



r \ 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Faso 


HU 


Hungary 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


PT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyrgystan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


C6tc d'lvoire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


LI 


Liechtenstein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


CS 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


CZ 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


FI 


Finland 


ML 


Mali 


UZ 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


GA 


Gabon 











Printed from Mimosa 09/28/1999 10.22:44 Seite -2- 



WO 95/27742 



1 



PCT/US95/04390 



TITLE 

CLEAR COAT RESINS BY CONTINUOUS POLYMERIZATION 

5 BACKGROUND OF THE INVENTION 

Styrene and acrylic acid copolymers of low molecular weight 
have found wide acceptance in industry. Such copolymers, sometimes 
denominated as "solution polymers" have been employed in inks, paper 
coatings and paints. Typically vinylic monomers have been produced using 

10 mass polymerization techniques in the presence of a solvent. Often, the 
reaction is expedited with the assistance of catalytic initiators and chain 
transfer agents, to control the molecular weight of the product copolymers. 
Examples of such copolymerization techniques are disclosed in U.S. Pat. 
Nos. 2,556,488; 3,673,168; 3,753,958; 3,879,357 and 3,968,059. 

15 With the cost of petroleum feedstock rising in recent years, the 

price of vinyl monomers has risen as well. The solvents normally employed 
in solution polymerization are expensive and safety problems have arisen 
with use of volatile organic solvents. Since solution polymerization is 
typically carried out in large batches, if the process malfunctions, then an 

20 unacceptably large amount of product must be wasted. 

Accordingly, a continuous bulk polymerization process, 
capable of selectively producing low molecular weight vinylic copolymers 
having a low dispersion index, employing thermal initiators, without the 
need of a solvent, catalyst or weight retarding agent. U.S. Pat. No. 4,4 14,370 

25 teaches a bulk polymerization process for preparing low molecular weight 
vinylic polymers having a dispersion index less than 2, a number average 
molecular weight from about 1000 to 6000, and a solids content of from 80 
to 95 percent by weight of a polymer, 

A substantial amount of research effort in the automotive 

30 industry has been directed to the development of clear coal automotive 
finishes. Due to stringent air pollution regulations, high solids coating 
compositions have been formulated which contain substantially less solvent 
and more film forming binder. However, finishes resulting from these 
compositions have a significant number of cralcrs which give the finish an 

35 unacceptable appearance for use on automobiles and trucks. Cratering is 
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the formation of circular depressions on the coating surface. These 
depressions can vary between shallow dimples and deep holes that go 
through the coating to the next substrate. In severe cases, the coating 
applicator can find hundreds of such defects on the painted object requiring 
repair or rejection of that object. 

Heretofore, the problem of cratering defects have been 
attacked by use of additives to high solids coating compositions. Such 
additives are shown, for example, by U.S. Patent Nos. 4,371,657; 4,396,680; 
and 4,402,983. Such additives, however, may also result in a worsening of 
appearance while decreasing cratering. 

The novel process of the present invention produces polymers 
solutions which have greater crater resistance, reduced solution viscosity and 
improved durability than polymers produced by conventional techniques 
without the use of additives. 

S UMMARY QF THE INVENTIO N 
A process for preparing acrylic polymers that will show good 
crater resistance as a clearcoat in automotive applications is disclosed. High 
agitation tip speeds, from 500 to 1200 rpm, are maintained in the 
polymerization vessels with a blade diameter to tank diameter range of 0.15- 
0.95. In addition, placement of the feed valve for charging the monomer 
into the polymerization vessel is below the surface of the agitating mass. 
The initiator may also be introduced into the polymerization vessel below 
the surface of the monomer mixture. The temperature of polymerization is 
maintained in the range of 80 to 18(FC. 

DETAILED DESCRIPTION OF THE INVENTION 
The process of the present invention allows polymerization of 
acrylic resins for applications as a clearcoat finish which have increased 
durability, improved crater resistance and reduced solution viscosity without 
the use of additives. 

The process of the present invention involves the use of a 
variable fillage type stirred reactor for the polymerization of acrylic 
monomers to copolymers. The reaction zone can comprise a continuous 
stirred tank reactor of any type adapted for variable fillage operation of 
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from as low as 10 percent to 100 percent of the usable volume thereof. This 
continuous stirred tank reactor may be either horizontal or vertical and 
should have provision for closed control of the temperature therein by any 
desired means, including control by cooling jacket, internal cooling coils or 
5 by withdrawal of vaporized monomer followed by condensation thereof and 
return of the condensed monomer to the reaction zone. This reaction zone 
can, if desired, be constituted by a plurality of continuous stirred tank 
reactors operated in series. Likewise it will be apparent that such reaction 
zone can comprise more than one continuous stirred tank reactor operated 

10 in parallel, if it is desired to employ several relatively small reactors to 
supply the capacity of the* final reaction zone rather than a single large 
reactor for that purpose. 

A preferred form of continuous stirred reactor which has been 
found quite suitable for carrying out the process is a tank reactor provided 

15 with heating coils sufficient to remove any heat of polymerization not taken 
up by raising the temperature of the continuously charged monomer 
composition so as to maintain a preselected temperature for polymerization 
therein. Preferably such a continuously stirred tank reactor is provided with 
at least one and usually more vaned agitators driven by an external power 

20 source such as a motor. The upper blade in a multiple agitation 

configuration is usually smaller in diameter than the lower blade. At least 
one such agitator is positioned to provide agitation of liquid contained in the 
reactor while operating at minimum fillage, i.e., as low as 10 percent of the 
volume thereof. The blades of each agitation can be pitched or flat, with the 

25 pitch usually not greater than 45 degrees. Such a continuous stirred tank 
reactor can, if desired, be provided with additional features for improved 
efficiency of operation and safety, such as an additional series of internal 
cooling coils adapted to effectively prevent any "run-away" polymerization if 
the normal holding period has to be extended for some reason and an outer 

30 jacket for additional cooling or heating of the contents of the reactor. 

In operation of the present continuous polymerization process, 
flexibility and range of choice can be realized in polymer types produced, as 
well as the production rate thereof, by proper choice of polymerization 
reaction conditions. 

35 
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Polymerization conditions are continuously maintained in the 
reactor to produce a polymer of selected weight percent solids of polymer in 
such liquid mixture. The reaction zone can be operated so as to produce a 
liquid mixture with a polymer concentration or percent solids from as low as 
5 10 percent to as high as 90 percent by weight and such polymer can possess a 
number average molecular weight ranging from 500 to 50,000. The level of 
fillage in the reactor can vary from as low as 10 percent to as high as 100 
percent usable volume, and may be controlled by any desired means, for 
example, a level controller and associated valve, gravity flow, or a pump in 

10 the transfer line from the reactor. 

Any desired 1 means of controlling the temperature within the 
reactor may be employed. It is preferred that the temperature be controlled 
by circulation of a cooling fluid, such as oil, through internal cooling coils in 
those reactors so equipped. The entry of relatively cool monomer 

15 composition serves to remove the greater proportion of the heat of 

polymerization released and the internal cooling coils serve to remove the 
remainder so as to control the temperature of the liquid mixture therein to a 
preselected value and thus produce a polymer of the desired, degree of 
conversion and average molecular weight and distribution. 

20 In order to obtain a polymer of the invention with the desired 

molecular weight and dispersion index in order to provide a high quality 
solution-type polymer, the reaction temperature is maintained from about 
8(F C to about 180 5 C. 

At reaction temperatures below about 80" C the molecular 

25 weight of the product increases. The products formed at these low 
temperatures are quite viscous and difficult to handle. At high 
temperatures, undue quantities of dimers and trimers are formed. 

In general, the reaction time or residence time in the reaction 
zone is controlled by the rate of flow of constituents through the reaction 

30 system. The residence time is inversely proportional to flow rate. It has 

been found that at a given temperature, the molecular weight of the polymer 
product varies with the residence time, 

In accordance with these factors it is therefore preferred to 
utilize reaction residence times of at least about 15 minutes to provide 

35 satisfactory reaction completion. While the residence time in the reaction 



Printed from Mimosa 09/28/1999 10:22:44 Seite -€- 



WO 95/27742 




PCT/US95/04390 



5 

zone may be as long as 120 minutes, discoloring reactions and other side 
reactions will normally dictate that shorter residence times be employed. 
For most cases a residence lime of from about 30 to 90 minutes, and, 
preferably, from 20 to 60 minutes is satisfactory. In general, even longer 
5 residence times increase the yield of product, but the rate of increase of 
product is generally very slow after about 20 to 30 minutes of reaction. 

The flow rate of reactants for the preferred monomer mix is 
between about 0.1 to 1.5 pound per hour per gallon of reactor capacity. The 
flow rate elected for a particular monomer system will depend upon the 

10 reaction temperature, constituents, desired molecular weight, desired 
dispersion index and the particular equipment employed. 

The preferred embodiment of the invention is run at pressures 
from 0 to 45 psig. The reaction pressure in an enclosed system is a function 
of residual vapor pressure of unreacted monomer and other volatiles present 

15 either in the feed, such as water, or in the reaction mix (produced in side 
reactions). Although at steady state the process is carried out under a 
positive pressure, the reaction pressure has no significant effect on the yield 
and the upper limit is a function of equipment capability, while the lower 
limit is a function of feed rate and monomer composition. At higher 

20 temperatures, the higher gas pressures which result may require special 
equipment and procedures for safe handling. 

The polymers produced by the process of the invention 
suitable for high solids applications have a weight average molecular weight, 
M w , from about 2,000 to about 50,000, preferably from about 5,000 to 

25 35,000. The polydispersity ratio, weight average molecular weight -M w / 
number average molecular weight-M n , for the polymers produced by the 
inventive process is less than about 2.5 and more preferably less than about 
2.0. The distribution index should be less than about 4.0. Molecular weights 
are determined by gel permeation chromatography. 

30 The term "acrylic monomer" as employed herein includes 

acrylic or methacrylic acid, esters of acrylic or methacrylic acid and 
derivatives and mixtures thereof. Examples of suitable acrylic monomers 
include the following methacrylic esters: methyl methacrylate, ethyl 
methacrylate, n-propyl methacrylate, n-bulyl methacrylate, isopropyl 

35 methacrylate, isobutyl methacrylate, n-amyl methacrylate, n-hexyl 
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methacrylate, isoamy methacrylate, 2-hydroxyethyl methacrylate, 2- 
hydroxypropyl methacrylate, N,N-dimethylaminoethyl methacrylate, N,N- 
diethylaminoethyl methacrylate, t-butylaminoethyl methacrylate, 2-sulfoethyl 
methacrylate, trifluoroethyl methacrylate, benzyl methacrylate, 2-n- 
5 butoxyethyl methacrylate, 2-chloroethyl methacrylate, sec-butyl- 

methacrylate, tert-butyl methacrylate, 2-ethylbutyl methacrylate, cinnamyl 
methacrylate, cyclohexyl methacrylate, cyclopentyl methacrylate, 2- 
ethoxyethyl methacrylate, furfuryl methacrylate, hexafluoroisopropyl 
methacrylate, 3-methoxybutyl methacrylate, 2-methoxybutyl methacrylate, 2- 

10 nitro-2-methylpropyl methacrylate, n-octylmethacrylate, 2-ethylhexyl 
methacrylate, 2-phenoxyethyl methacrylate, 2-phenylethyl methacrylate, 
phenyl methacrylate, propargyl methacrylate, tetrahydrofurfuryl 
methacrylate and tetrahydropyranyl methacrylate. 

Typical acrylates esters employed include: methyl acrylate, 

15 ethyl acrylate, n-propyl acrylate, isopropyl acrylate, n-butyl acrylate and n- 
decyl acrylate. 

The acrylic monomer can also include acrylates or 
methacrylates containing functional groups, such as hydroxy, carboxyl amino, 
isocyanate, and the like. The functional polymers are usually prepared by 

20 polymerization employing a functional monomer or by post-reaction of a 
polymer of the invention to introduce the desired functionality. 

Acrylic acid derivatives employed as the acrylic monomers 
include: acrylic acid, acrylonitrile, methyl alpha-chloroacrylate, methyl 2- 
cyanoacrylate, N-ethylacrylamide, and N,N-diethylacrylamide, 

25 Esters of methacrylic acid or acrylic acid containing a suitable 

functional group may be used as the monomer. Typical preferred functional 
acrylates and methacrylates include acrylic acid, methacrylic acid, hydroxy 
alkyl acrylates, and hydroxyl alky] methacrylates. 

Examples of preferred hydroxy functional monomers include 

30 2-hydroxyethyl acrylate, 3-chloro-2-hydroxypropyI acrylate, 2-hydroxy-butyI 
acrylate, 6-hydroxyhexyI acrylate, 2-hydroxymethyl methacrylate, 2- 
hydroxypropyl methacrylate, 6-hydroxyhexyI methacrylate, 5,6- 
dihydroxyhexyl methacrylate and the like. 
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Hydroxyl or other functionality may also be introduced into 
the polymers of the invention by post-reacting a polymer with standard 
techniques such as esterification or transesterification techniques. 

The present invention is also applied to the preparation of 
copolymers from mixtures of two or more acrylic monomers such as 
comonomers, termonomers and tetramonomers. It is also contemplated that 
mixtures of at least one acrylic monomer and at least one non-acrylic non- 
styrenic monomer may be polymerized in accordance with the present 
invention. 

Suitable monomers include: vinyl acetate, vinyl pyridine, vinyl 
pyrollidone, methyl crotonate, crotonic acid and maleic anhydride. 

Preferred monomer charges include the comonomer charges, 
such as 2-ethylhexyI acrylate and acrylic acid, the termonomers, such as 2- 
ethylhexyl acrylate, methyl methacrylate and vinyl acetate and the 
tetramonomers; such as vinyl acetate, butyl acrylate, methyl methacrylate 
and 2-hydroxy ethyl methacrylate. 

The initiators suitable for carrying out the process according 
to the present invention are compounds which decompose thermally into 
radicals in a first order reaction. Suitable initiators preferably have half-life 
periods (pot-lives) in the radical decomposition process of about 1 hour at 
90°C and more preferably 10 hours at 100°C. Others with about 10 hour 
halMives at temperatures significantly lower than 100°C may also be used. 
Suitable initiators are, for example, aliphatic azo compounds such as 1-t- 
amylazo-l-cyanocyclohexane, azo-bis-isobutyronitrile and 1-t-buiylazo- 
cyanocyclohexane and peroxides and hydroperoxides, such as t- 
butylperoctoate, t-butyl perbenzoate, dicymyl peroxide, di-t-butyl peroxide, t- 
butyl hydroperoxide and cumene hydroperoxide and the like. The particular 
initiator is not critical so long as the initiator will generate free radicals. 

It has been found that when the molar ratio of initiator to 
monomers charge is at least about 0.0005:1, it is possible to reduce the 
reaction temperature to improve purity, color, conversion and ease 
processing conditions, while maintaining or improving low molecular weight 
and molecular weight distribution. In addition, the yields of polymer 
product recovered without recycle, can be on the order of at least 95% of the 
theoretical. 
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If desired, from about 20 to 60 percent of reaction solvent is 
employed based on the weight of monomers. The selection of a particular 
solvent and its level of addition are made based on the monomers selected, 
the desired applications for the polymer produced arid also to assist in 
5 controlling reaction parameters. In general, it is preferred to use as little 
solvent as possible to reduce separation and recovery requirements and 
minimize the formation of contaminants. It is thought that the chain 
transfer effects of solvents may contribute to the production of excess 
dimers, trimer and to the production of by-product chomophores. 
10 In general, the use of a solvent permits a lower reaction 

temperature to be employed, allows lower flow rates, reduces the solution 
viscosity of the molten polymer product, acts as a heat sink to prevent run- 
away reactions and reduce cooling requirements, assists in plasticizing the 
polymer product, and may reduce the acid number if the solvent esterfies 
15 with the resin and may reduce molecular weight of the resulting product. 

Most conventional polymerization or reaction solvents may be 
utilized in the present process to prepare the low molecular weight polymers 
of the instant invention. 

The aliphatic alcohols, such as acetone, ethyl alcohol, and 
20 hexanol can be used. Aromatic solvents can also be employed, for example, 
toluene, cumene, and ethylbenzene. Oxygenated solvents are also suitable. 

For best results from about 40 to 80 percent by weight of 
monomers is employed. While greater or lesser amounts can sometimes be 
employed, there is an insufficient reduction in viscosity when less than about 
25 20 percent of solvent is employed. When amounts greater than about 60 
percent by weight of solvent are utilized, then the process tends to become 
solvent dependent as a typical solution polymerization process. 

A preferred embodiment of the process of the present 
invention is illustrated in FIG. 1, which is a flow sheet showing the 
30 polymerization process. The process is practiced in continuously stirred tank 
reactors 10, 20 and 30. Each reactor comprises a steel vessel with a centrally 
disposed propeller shaft 11 extending from a superimposed propeller drive 
and motor assembly, not shown. Each propeller shaft such as 11 supports 
one or more propellers formed of a plurality of radial blades 13 which can 
35 be entirely radial, i.e., having no axial pitch, or can have an axial pitch, e.g., 
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from about 5 to about 45 degrees. The ratio of the blade diameter to the 
tank diameter ranges from 0.15 to 0.95. Lower blade diameter to tank 
diameter ratios are less costly in terms of capital expenditure and operating 
costs. The propellers intimately admix the polymerization mixture to form a 
homogeneous mass therein. High agitation rates are preferred, with tip 
speeds of at least 500 feet per minute used in the process. 

Each tank reactor has a bottom discharge nozzle 22 that 
discharges into a transfer line to the next reactor. The crude polymerizate is 
transferred from the first tank reactor 10 to the second tank reactor 20 
through a bottom discharge nozzle 22 into a transfer line 33. The 
exothermic heat of polymerization is removed from the reactors by reflux 
cooling. To this end, the tank reactors 10, 20 and 30 are totally enclosed and 
are maintained at a predetermined pressure. 

The monomer feed and the initiator feed are introduced 
separately into the tank reactor 10. The monomer mixture is charged from a 
monomer feed tank 40 through transfer line 42 to inlet 44 on the tank 
reactor 10 with the outlet 46 of the transfer line 42 positioned below the 
surface of the agitating mass 48. Preferably the monomer is added to the 
agitating mass near or about the radial blade 13. As the ratio of blade 
diameter to tank diameter approaches the lower limit, e.g., 0.15, the effect of 
subsurface addition of the monomer becomes more significant. The initiator 
is charged from an initiator feed tank 52 through transfer line 54 to inlet 56 
on tank reactor 10. Inlet 56 is positioned below the surface of the agitating 
mass 48. 

Most of the polymerization is performed in the first tank 
reactor 10. Typically, 50 to 95 percent, preferably 80 to 95 percent, of the 
conversion of the monomer achieved in the process is accomplished in the 
first tank reactor. Generally, the temperature within this reactor is from 
about 80P to 180PC. The particular temperature chosen is selected for the 
molecular weight and other properties desired in the final polymer product. 
The remaining tank reactors 20 and 30 serve to complete the polymerization 
process. Monomer conversion in the tank reactor 30 is typically greater than 
99 percent. The finished polymer is withdrawn from reactor tank 30 and is 
passed to filter tank 80 and through filters 82 to remove particulate 
contaminants and then stored. 
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The following examples are set forth to illustrate more clearly 
the principles and practices of this invention to one skilled in the art. As 
such, they are not intended to limit the invention, but are illustrative of 
certain preferred embodiments. 

5 

EXAMPLE I 

Copolymer was produced under non-continuous conditions to 
be used as a control. The following acrylic polymer was prepared by 
charging into a polymerization vessel equipped with a stirrer, thermometer 
10 and reflux condenser a mixture of 38 parts hydroxy propyl acrylate, 30 parts 
n-butyl methacrylate, 15 parts styrene and 17 parts n-butyl acrylate. 

The monomer mix was added from a feed tank at a constant 
delivery rate of 0.028 pounds per minute at a level above the surface of the 
polymerization vessel. The contents of the vessel were continuously stirred 
15 at a constant rate of 400 rpm using a dual blade pitched turbine. The 
mixture was brought to a polymerization temperature of 152° C 

The initiator used was t-butyl peroxyacetate (TBPA). The 
initiator was charged into the polymerization vessel above the surface of the 
agitating mass at a constant rate of 0.012 pounds per minute. The mixture 
20 was agitated for 60 minutes before cooling. 

The resulting acrylic polymer solution had a weight percent 
solids of 70, molecular average weight of 7500, polydispersity ratio of 2.5, 
and Gardner-Holdt viscosity of Y-Zl . Solutions were tested for the 
tendency to crater and dimple under ASTM-340-W. The average crater 
25 resistance was 75. 

EXAMPLE II 

The following mixture was charged into the polymerization vessel: 38 
parts hydroxypropyl acrylate, 30 parts n-butyl methacrylate, 15 parts styrene 

30 and 17 parts n-butyl acrylate at a constant flow rate of 0.025 pounds per 
minute. The monomer was fed into the vessel through a feed tube located 
below the surface of the polymerization vessel. The contents of the vessel 
were agitated at a constant rate of 1750 rpm and were heated to a 
polymerization temperature of 163° C. The initiator used was TBPA, and 

35 was fed into the polymerization vessel at a constant rate of 0.0008 pounds 
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per minute through a separate feed tube located above the surface of the 
polymerization vessel. The reaction was run continuously for ten hours with 
a residence time of 60 minutes with a continuous withdrawal of polymer to 
maintain a constant level in the polymerization vessel. 
5 The resulting acrylic polymer solution had a weight percent 

solids of 70, molecular average weight at 7500, polydispersity ratio of 2.5, 
and Gardner-Holdt viscosity of Y-Zl . Solutions were tested for the 
tendency to crater and dimple under ASTM-340-W. The average crater 
resistance was 2. 

10 

* EXAMPLE 111 
The monomer feed composition of Example II was used and 

was charged at a constant rate of 0.028 pounds per minute. The monomer 

was fed into the vessel through a feed tube located below the surface of the 
15 polymerization vessel. The contents of the vessel were agitated at a constant 

rate of 1750 rpm and were heated to a polymerization temperature of 163° C. 

The initiator used was VAZO 52, and was fed into the polymerization vessel 

at a constant rate of 0.012 pounds per minute through a separate feed tube 

located below the surface of the polymerization vessel. The reaction was 
20 continuously run for ten hours with a continuous withdrawal of polymer to 

maintain a constant level in the polymerization vessel. 

The resulting acrylic polymer solution had a weight percent 

solids of 70, molecular average weight at 7500, polydispersity ratio of 2.5; 

and Gardner-Holdt viscosity of Y-Zl . Solutions were tested for the 
25 tendency to crater and dimple under ASTM-340-W. The average crater 

resistance was 2. 

EXAMPLE IV 

i A mixture containing 40 parts methyl methacrylate, 33 parts n- 

30 butyl methacrylate, 15 parts vinyl oxazoline ester of linseed oil fatty acid, 5 
parts 2-diethylaminomethyl methacrylate, and 7 parts hydroxy ethyl acrylate 
was charged into a polymerization vessel at 0.443 pounds per minute. The 
monomer was fed into the vessel through a feed tube located below the 
surface of the polymerization vessel. The contents of the vessel were 
35 agitated at a constant rate of 1750 rpm and were heated to a polymerization 
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temperature of 8(f C. The initiator used was VAZO 64 and added at a 
constant rate of 0.152 pounds per minute. The initiator was added below the 
surface of the polymerization vessel. The reaction was continuously run for 
ninety-six hours with a continuous withdrawal of polymer to maintain a 
5 constant level in the polymerization vessel. 

The polymer had a weight percent solids of 58, and a Gardner- 
Holdt viscosity of Y-Zl. The molecular weight is about 32,000 with 
polydispersity at 4.0. The average crater resistance was 1. 

10 EXAMPLE V 

The mixture contained 60 parts n-butyl methacrylate and 40 
parts hydroxy propyl acrylate. The monomer was fed into the vessel through 
a feed tube located below the surface of the polymerization vessel at a 
constant rate of 1.21 pounds per minute. The contents of the vessel were 

15 agitated at a constant rate of 635 rpm and were heated to a polymerization 
temperature of 16(PC. The initiator used was TBPA, and was fed into the 
polymerization vessel at a constant rate of 0.035 pounds per minute through 
a separate feed tube located below the surface of the polymerization vessel. 
The reaction was run continuously for ten hours with a residence time of 30 

20 minutes with a continuous withdrawal of polymer to maintain a constant 
level in the polymerization vessel. 

The weight percent solids was 69, and the Gardner-Holdt 
viscosity was Y-ZL The average molecular weight was 7500 with 
polydispersity at 2.2. The average crater resistance was 1. 
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CLAIMS 

What is claimed is: 

5 1. A polymerization process for preparing acrylic polymers 

with good crater resistance comprising the steps of: 

(a) charging into a first continuous mixed reactor zone of a first 
reactor vessel having an agitating means with a tip speed of at 
least 500 rpm 

10 (i) at least one acrylic monomer; 

(it) a pofymerization initiator in amounts to provide a 
molar ratio of said initiator to said acrylic monomer 
from about .01 to .09; 
(iii) a reaction solvent from about 0 to 60 percent based on 
15 the weight of the acrylic monomer; 

(b) maintaining a flow rate through said first reactor zone 
sufficient to: 

(i) provide a residence time of said charged acrylic 

monomer in said reactor zone of at least 15 minutes; 
20 (ii) maintain a predetermined level of reaction mixture 

in said reactor zone; 
(iii) maintain the molten resin mixture at an elevated 
temperature sufficient to provide accelerated 
conversion to a readily processable uniform 
25 concentrated polymer product;and 

(c) transferring said reaction mixture into a second continuous 
mixed reactor zone of a second reactor vessel having an 
agitating means with a tip speed of at least 500 rpm through 
connecting means from said first reactor vessel into said 

30 second reactor vessel. 

2. The process of claim 1 wherein the ratio of the diameter of 
the agitating means of said first reactor vessel to tiie diameter of said first 
reaction vessel is from 0.15 to 0.95. 
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3. The process of claim 1 wherein the ratio of the diameter of 
the agitating means of said second reaction vessel to the diameter of said 
second reaction vessel is from 0,15 to 0.95. 

4. The process of claim 1 wherein the temperature is within 
5 the range of 80 to 180 5 C 

5. The process of claim 1 wherein the residence time is about 
15 to 120 minutes. 

6. The process of claim 1 in which a solvent capable of 
forming a reaction product with the polymer is employed in the mixture of 

10 acrylic monomers. 

7. The process of claim 1 wherein the monomer feed is 
introduced into the reaction vessel at a level below the surface of the 
reactive mass. 

8. The process of claim 1 wherein the initiator feed is 
15 introduced into the reaction vessel at a level below the surface of the 

reactive mass. 

9. The process of claim 5 wherein the initiator feed is 
introduced into the reaction vessel at a level below the surface of the 
reactive mass. 

20 
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AMENDED CLAIMS 

[received by the International Bureau on 18 July 1995 (18.07.95); 
original claims 1-9 replaced by amended claims 1-10 (2 pages)] 

1. A polymerization process for preparing an acrylic polymer with good 
crater resistance comprising the steps of: 
5 (a) charging into a variable tillage reactor vessel, a reaction mixture 

comprising: 

(i) at least one acrylic monomer, wherein said acrylic monomer 
is added to said variable tillage reactor vessel at a point 
below the surface of said reaction mixture; 
10 (ii) a polymerization initiator in amounts to provide a molar ratio 

of said initiator to said acrylic monomer from about .01 to 
.09; . 

(iii) a solvent from about 0 to 60 percent based on the weight of 
said acrylic monomer; 
15 (b) continuously stirring said variable tillage reactor vessel; 

(c) maintaining a flow rate through said variable tillage reactor vessel 
sufficient to: 

(i) provide a residence time of said acrylic monomer in said 
variable tillage reactor vessel of at least 15 minutes; 
20 (ii) maintain a predetermined level of said reaction mixture in 

said variable tillage reactor vessel; 
(iii) maintain said reaction mixture at an elevated temperature 
sufficient to provide accelerated conversion to a readily 
processable uniform concentrated polymer product; and 
25 (d) recovering said acrylic polymer. 

2. The process of claim 1 wherein the temperature is within the range of 80 to 
180°C. 

30 3. The process of claim 1 wherein the residence time is about 15 to 120 minutes. 

4. The process of claim 1 in which a solvent capable of forming a reaction product 
with the polymer is employed tin the mixture of acrylic monomers. 

35 5. The process of claim 1 wherein said initiator is added to said variable tillage 
reactor vessel at a point below the surface of said reaction mixture. 



AMENDED SHEET {ARTICLE 19) 
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6. The process of claim 1 wherein an agitating means having a tip speed of at least 
500 rpm is employed to continuously stir said variable Tillage reactor vessel. 

7. The process of claim 6 wherein the ratio of the diameter of said agitating means to 
5 the diameter of said variable fillage reactor vessel is from 0. 15 to 0.95. 

8. The process of claim 1 wherein said reaction mixture is transferred into a second 
variable fillage reactor vessel. 

10 9. The process of claim 8 wherein an agitating means having a tip speed of at least 
500 rpm is employed to continuously stir said second variable fillage reactor vessel. 

m 

10. The process of claim 9 wherein the ratio of the diameter of said agitating means 
to the diameter of said second variable fillage reactor vessel is from 0.15 to 0.95. 



AMENDED SHEET (ARTICLE 19) 
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STATEMENT UNDER ARTICLE 19 



This is in resppnse to the International Search 
Report which was mailed to Applicants 30 June 1995. The claims 
have been amended in accordance with Article 19(1) to 
correspond to claims which have been allowed in the 
corresponding US Application Serial No. 08/224,418, filed April 
8,1994. These claims were allowed over the same reference, 
Miura US 4,937,298, which has been cited in the instant Search 
Report. Replacement pages 13 and 14 are submitted. 

The following remarks are relevant in distinguishing 
Applicants 1 invention over the disclosure of the reference. 

Applicant 1 s process is used to produce clear coats for 
painting of automotive products. A consistent problem in 
basecoat/clearcoat automotive and refinish coatings is 
cratering, which is the formation of circular depressions on 
the coating surface. It is believed that cratering is the 
result of undesired production of high molecular weight 
material, and that high molecular weight material, even in 
parts per million, can invoke cratering. Applicant's process 
eliminates reaction zones high in monomer concentration or low 
in initiator concentration, thereby eliminating formation of 
the high molecular weight material. Also, high molecular 
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the high molecular weight material. Also, high molecular 

weight material forms through branching reactions which are 

affected by agitation and feed point addition. In order to 

prevent formation of high molecular weight material, an 

important feature of applicant's process is that initiator and 

monomer are fed separately to the first continuously stirred 

reactor with the monomer being fed via a tube that discharges 

into the reactor below the surface of the reaction mixture. 

Thus, the monomer is fed to the zone of highest mixing and 

« 

becomes well mixed into the reaction medium before it has a 
chance to react. The reactors use baffled, high agitation 
mixers with high tip speeds, providing much better mixing. As 
a result, any tendency toward premature bulk polymerization of 
the monomers is suppressed and the polymers have lower 
polydispersity and a lower fraction of very high molecular 
weight material than is ordinarily obtained. 

In applicants process, monomer is fed only to the 
first reactor vessel. In contrast, Miura teaches at col. 2, 
lines 54-60 that monomer is fed to each reactor utilized in the 
reaction process. 

Applicant discloses and his claims require the use of 
variable fillage reactors. In contrast, Miura at col. 6, lines 
23-25, discloses a process wherein the inside of each of the 
polymerization vessels is always maintained full of liquid and 
operated in a completely filled state. 

In view of the foregoing, allowance of the above- 
referenced application is requested. 
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